Abstract. Authigenic uranium is precipitated in reducing sediments and therefore responds both to changes in particulate organic carbon flux to the sediment and to changes in the oxygen concentration of bottom waters. By examining a large number of cores over a wide latitudinal and depth range in the Atlantic sector of the Southern Ocean, we hope to distinguish between a predominantly productivity-driven authigenic U signal and a circulation or sediment-focusing signal. We find little to no authigenic U in Holocene sediments throughout the South Atlantic Ocean. Glacial sediments north of •40øS lack authigenic U, whereas sediments from the Subantarctic Zone show substantial enrichments in authigenic U relative to the Holocene (up to •5.3 ppm). The widespread distribution of glacial U enrichment, even in cores with no glacial-interglacial change in mass accumulation rate, implies that U deposition was not caused by an increased supply of organic carbon via sediment focusing. Authigenic U and organic carbon in a shallow core (• 1000 m) from the Subantarctic region show the same glacial increase found in the deep cores. Because this site was well ventilated during the Last Glacial Maximum, its record provides further evidence that increased glacial productivity of the Subantarctic region contributed to the high concentrations of authigenic U found in the glacial sections of deep cores.
Introduction
In the modem Southern Ocean (SO), upwelling supplies abundant nutrients to surface waters yet phytoplankton productivity is relatively low, so nutrients are returned to the deep ocean largely unused. This inhibition of phytoplankton growth has been attributed to intense grazing [Hart, 1942] In this paper we consider authigenic uranium as a proxy for POC rain to the seafloor. Under suboxic conditions, pore water uranium (U(VI)) is reduced to the insoluble species, U(IV), and precipitated. This lowers the pore water U concentration, and dissolved U from the overlying bottom waters then diffuses into the sediment across this concentration gradient and precipitation continues, leading to an enrichment of so- suggesting a net increase in the rain of organic carbon during glacial times. Very large enrichments of authigenic U in the polar frontal region of the Atlantic sector, during the LGM, were interpreted as reflecting productivity that was equivalent to that found today in productive ocean margin regions [Kumar et al., 1995] . As with the other paleoflux proxies, there are alternative interpretations of the authigenic U record. Interpreting the authigenic U record is difficult because the reducing conditions that favor its precipitation are a product of the supply rate of organic carbon from surface productivity, the supply of organic carbon from sediment focusing, and the oxygen concentration of the overlying bottom water. To the extent that there were glacialinterglacial changes in sediment focusing and deepwater ventilation, this complicates the interpretation of authigenic U as a paleoproductivity record. Here we present authigenic U records from 30 cores in the South Atlantic Ocean. By considering a large number of cores with broad geographic and depth coverage, we hope to clarify the factors controlling authigenic U precipitation in sediments of the SO and thereby further constrain glacial-interglacial changes in primary productivity and deepwater circulation.
Site Description and Methods
The cores presented in this paper cover a latitudinal range from 7øS to 55øS: from well north of the Subtropical Front (STF) to south of the Antarctic Polar Front (APF) (Figure 1) . The region between the STF and the Subantarctic Front (SAF) is known as the Subantarctic Zone, and the region between the SAF and the APF is the Polar Frontal Zone (PFZ). In this paper we will combine the PFZ with the Subantarctic Zone, since our records show similar behavior across the two zones. Today, ventilation of the deep core sites is from the north, by North Atlantic Deep Water (NADW), and from the south, by Antarctic Bottom Water (AABW). Two of the cores, VM22-109 and TN057-20, were recovered from the Discovery Seamount. These sites lie within Antarctic Intermediate Water (AAIW). Many of the cores presented in this paper have been studied previously. [1981 ] ) estimates of the LGM. This is sufficient age control for our purposes, because authigenic U is generally absent throughout these cores. In all of the cores the LGM is associated with a peak in the detrital content of the sediment, which is reflected in a peak in the 232Th concen- 
Results
Throughout most of the South Atlantic Ocean we find little to no authigenic U in Holocene sediments, although there is a small but systematic enrichment around the APF (Figure 2a 
Discussion
Interpreted strictly as a proxy of particulate organic carbon (POC) rain to the seafloor, the glacial enrichment of authigenic U in South Atlantic sediments suggests that between the APF and the STF, surface productivity was substantially greater during the LGM than it is today. The large enrichments suggest that the increased POC flux was more than can be explained by a northward migration of the productive polar frontal region, and more than can be explained by increased mineral ballasting of organic matter (R. Francois,  personal communication, 2001 ). However, factors other than POC 
Changes in Sediment Focusing
The redox conditions that control authigenic U precipitation are dictated by the total flux of organic carbon to the sediment, whether it is supplied vertically, through biological production, or horizontally via sediment focusing. By supplying POC laterally, changes in sediment focusing might therefore drive changes in authigenic U precipitation independent of any changes in export production. In order to identify cores that may have been affected by variable sediment focusing, we have, where possible, used downcore MARs to estimate changes in sediment focusing. We were able to estimate MARs for all but the subtropical cores. Of these 20 cores, half show either no glacial-interglacial change in MAR or greater MAR during the Holocene ( Figure 6 and Table 2 a Note that some of these data have been published elsewhere (see Table 1 bearing an oxygen content much lower than that which exists today. Consequently, the widespread enrichment of authigenic uranium in glacial Atlantic sediments must indicate that productivity in the Atlantic Subantarctic Zone was significantly greater than it is today. 4.2.2. Shallow depth authigenic U record. The most compelling evidence that the observed glacial increase in authigenic U was largely driven by increased POC rain throughout the Subantarctic Atlantic Ocean, and not simply reduced bottom water oxygen, comes from core VM22-109 on the Discovery Seamount. Because this is a shallow site, one might expect greater POC rain at all times, relative to deeper sites [Suess, 1980] 
